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A B S T R A C T
North Chin aPlain(NCP)is the m ain gr an aryin C hin a, ho w ev er, NCPis co nfro ntedwithw ater shortage proble mthat m ay
leadtothe 免Ilofthe cr op productio n. Thus m o nitoring N C P fro m spaceis v eryI mportant tO kno who whydrologic
e nviro n m e ntaffectsthe crop produ ctio n. N C P hasbe en m o nitoringbyusingNO A A仏Ⅴ= R R for vegぬ tio n c o ndito ns･ Asa
resdt･itis clarifiedthatsu rfac ehydrologlCalc o nditio ns cle arlyaffect the crop produ ctio n rate re v eald byN D Vl･ The nthe
surface w etnessis estim ated byN OA A/AV fIR Ra nd G ”S/ - Ⅵ S S R･ T he slope par a m eterinthe s cattergra mbetw e e n
vegetatio ninde x a ndsurfacete mperatu reis e xamin ed forNO AA仏VfI R data. T he differe nc eiTlbrightn esstemperatures
betw ee n8:00A M and 10: 0 A M(L T)is als oin v estigated forG MS data. Bothof whichare CO nSideredtobetheinde x of
sda ce m oisturec o ndito n･ Thedistributio n s ofsurfa ce w etness obtained fro mbothTn ethods w ellagree withea ch other. The
res ults will be us ed for w ater ma n ageTn e ntS u ch asproperirrigatio npra ctic e.
IN T R O D U C TI O N
Nol h C hinaPlain(NCP)is agra naryof P･R･C hina, of whichpopulatio nisthelargestinthe w orld. Thefo odsitu atioTlill
N C P is c ru cialforthe futQre W Orld foodpr ovisionproble m(Bro w n and H alw eil,1998). Thefoodpr oblernin N C P is als o w ater
proble m. WaterforirrlgatioTlis s upplied fro m surfa ce w aterandgro u ndw ater･ Re ce ntn e w stellu sthatYello wriv erdoes n ot
月o wtoits m o u sefo r m ostoftheye ar･ Itis ofc o urs edneto o ver e xtractio n ofs urfac e w aterforirrig8tio minthe upper
stre a m s･ Gr o u ndw ateristhus e xploitedforim gatio n as an other c o TIV e ni t w aterresotlrC e,ho w ev er, w aterlev ellaSbeen
de clinlngforpastseve r alte ns ofyears a nd itraisesthe co stOf withdrawal･ The pric e ofgraln m ayrisein n e arfuturebec ause
ofthein cr easeinirrigatio n costo rde cre aseinpr odt)ctio nby w ater shortageitself･
Fig.1 Vis ble(left)and NDVl(right)im age sof
NOA A/A VH RR o n1 0 August19 97.
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M oTlitoritlgthe N CP isthu s v eryI mporta ntfo rthe v ario us eTIViro n m ental ind ec o n omicalperspectiv es･ The solutio n ofw ater
proble min N CP can onlyb与attained t)yc orpor ativ e res earch withv ario DSfields ofs cie ntists,ho w ev er,the u nderstandings of
the re alsitu atio n of hydrologic cycle and co ntintIO u S m O nitoring of N C Pare atleastn e cessary･ CEReS(Centerfor
Envir o n m e ntal Re m ote Se nsing, C hiba University)startedto re c eiv eN OA Aa nd GMS fr o m197, a nd N CPis wi th in the
ra nge. Corltin u os rr10 nitoringof N CP is atEeTnptedto rrIO nito r cropc o nditozIS a nds urfa ce m oisttJre StafLISI
D A T A
SinceApril 1997, N O A A仏V H R Ra nd G M S/S- V IS S R im agedata are a v ailablein C E ReS･ T heim ages arege o codedto
lo ngitude and latitude c o ordin ate aJldres a mpledto o nekm gri d. T hedata are stored inthe v erylarge capa cityarchive
syste m(100TB)･ T helo c al data setofNo rth C hiTlaPlain(N42,110 E-N 28,123 E)hasbe en cre atingfro mthe archived data.
FigtJr e1sho w s aN O A〟AVH R R N CP im age o nlOA ugu st, 1997. T heiJn ageSCove rthe whole NCP, s o llthofGre atW all,
ea stofTaihan m o untains a ndn orth oftluai heriv er. Inthe rrliddle oftlleim age, Yellow riverflo w sfro m w est to n orth-e a st.
13e caus e ofits w ors ehydrologic alc o nditio n, s o m ehydrologistreferto N CP asthe n o rthof Yello wriver･
M E T E O D S T O M O N IT O R StJR F A C E M O IS T U R E S T A T tIS
N O A A/ V H R R hastw ovisible alldn e arinfrared bands andthreether m al ba】1ds. GM S 5 has o ne visiblebarld,tw other mal
baJlds a ndoTle W ater V aporband. Co n sideringtheba nds available,followingtw o m ethods are sele ctedto m o nitor surface
m oisture collditio nsin N C P.
1)Ts- Vlm ethod: Slopein stlrfacete mperattlr e(Ts)-v egetatlO ninde xOII)relatiozIShip(Ne m aniazld_
RtlT)ming,1 98 9)
2)dTs m ethod:In cre ascrate ofs urfac ete mperature(Ts)during m oming(Wetzeletal･ ,1984)
Ko ndoheEaL(1998)appliedTs-VI m ethodto Euai-heplain,s o uthof N C P, with NOA A/A V HRR/GAC data(4km res oltltio n),
andgetv ery go odco rrelatio nbetw eerlthe slopepara m eter aJld antec ede ntprecipitationinde x(Apュ)･ In th ispaper,
N O A A/ V E R R皿A C(1krn res olutio n)data are u sedto get thedistribtltio n s ofslope par arn eter･ Inthe dTs m ethod,the
differe n cein digitalcountof ther mal ba ndof G ”S betw ee n8 LS T(LD C al StarldardTim e)azld lO LS T is regardedas a s urface
w etn essirLde x･ T his m ethod isbas edo nthe c o n cept that thediffer erLCein Tsis s m allwhe n s urfa ceisin w et, a nd large when
dry･ Thesetw o m etl10ds are appliedaⅠthe s a m etiTn e･ The c o nsiste n cyoftw oindepende nt methods wi llc ottfir mthe ac ctlraCy
ofthe rrlethods.
R R StJLT S
辿
The main cropsin NCP ar e winter whcat
Ja ndrr)aiz eirl S u mm er. Figtlre2sho w s(hetim e series of the N D VIPo r m aliz ed
Differe n ceV getatio nlnde x)for sel cted lo catio n sL There ar etw oPe aksin VegetatioTIndex atM ay and August which
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Fig.2 The seaso naltre nd jn NDVlforsele ctec[locatio n s.
1:l 1 6. E,3 7.8 N 2:i1 6.OE,37.8N3:1 15.1E,37.5N
4:1 1 4.5 E
,
3 7.9 N.
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c o rr e spo ndtothegro w lng Of whe ata nd m aize. It
w as adrotlghtye arin 1997, a nd cr op gro wthw as
n ots atisfa ctory ex ceptforthe are a where m tlCh
irrigatio n w aterwas av ailable.
Fig.1b is aN DVIim age o n10 AugtlSt,1997･ There
r ec ogn 12 2 きIess v eg tated areairl且aihe c atchm ent
plain(n orthernhalfof N CP)･ Less v egtated areais
re cognizedin Figtlrela asbright are a･ Figure3
sho w sthedistri butio n oftotal diss olveds olidCrD S)
ir) shallo wgrotlndw aterinthe n orthof N CP(Fei,
19 97). There are regio nswi th hig T DS alo ngBohai
Bay, a ndthebighT D Szo n e e xte ndiTlgn ortheast to
s otlhw estis rec ogni2ed･ Itis consider edthathigh
T D Sredu cesthe crop gro wing, a nd itis refle ctedon
the ND VIim age .
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Fig.3 Distributio n of Tota[ Dis solvedSo[idrr DS)in
sha”o wgro und w ater(a[fte rFei.1 9 97).
Table1. Pre cipltation oT a nte c ede nt w eek
_ _ 幽 丑些i主星_ _塾虫垂
25JU L. 60.2 3 3.0 21. 22.1
1SS墨P. 25.9 3 2.0 4.1 66.0
The co astalz oTle a ctu allys uffersthe s alinizatioTl, anditdecre asesthe crop pr oductio n･Intheinteriorpart,there e xists
topographicdepressio ns, probablyforTn ed byflu vialpro cess, wherew atertableis sh dlo w a ndea silysuffers salinizatio n. The
lo wN D VI isthe restlltof highsaltde nsityinthe subsurfac e w ater. This m ea nsthatsurface a ndsubstlrface c o nditio ns re瓜 cts
the crop produ ctio n･ a nditca nbe s ee nfr o m space･ Itsho w sthe tISefu 1ln ess ofsatellitere m ote se nslngfor crop m o71itorlTlg,
辿迫 幽
Fig･4sho w sthest'rface w etn ess esti m ated byTs･ Ⅵ a nd d Ts m ethods･ W etn essisexpressed by greyscale･ Bla ck(inte nsity0)
inTs･ V Im ethod de n otesthe areathatcouldn otcalctllatethe slopepara m eter. Black(0)and white(255)in dTs m ethodare
the area where clotldprev e nt the applicatio n ofthe m ethod.
a b c
Fig･4 Su rfac e w etne s se stim ated byTs-VJa ndd Ts m ethods on 25Jul. a nd
o n1 8 Sep･ Brightn e s sde note sthedryn es s, a nd bFack(0)a nd
white(2 5 5)a reo utofra nge･ a:Ts IVJ25Jul., b:dTs 25 Jut, c:Ts-V11 8
Sep･, d:dTs18 Sep.
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Fig.5 Tim e cha ngesin dTs alongthe 38 N latitudelin e.
Table 1sho w sthe arn otlntOfpre clpitatio nduringlasto ne w eek. A nte cede ntpr eclpltatio nislarge en otlghin erltire r eglOn On
25July･ There s ee m slittlediferen c einstlrfa ce w etn essinboth m ethods(Figure4a)･ Itre v ealsthatthegro u nd is relatively
m oistc o ndito n o n25J11y. Cle ar w etand dryco ntr astis re cogTlized in E ai he Catchm entPlain, n o rthof Yello w riv er, o n18
Septe mber cas e･ The co ntrastis m oredistin ctin d Ts m ethod, a nd Ts-V Im ethod also dete ctsthe dryco nditio n n e arTianjing
andits n orthw esterzlpartOf N CP. Huimin(n earthe rr10 uthof Yello wriv er)had 66m m of r ain, ho w e ver, Tian5ing o nly
re ceiv ed 4.1m mduringlasto n e w eek･ Thedistri butio n ofarLte Cedentpre cipitation thu sstlPPOrtSthe estizn ated w etn ess･
Figure5sho w sthetiTne S eri s of dTsfor sel ctedsitesalo ng38 N latittldina1line after16Sep･,1 997･ T he a ntecedent miTI
w as re ceiv d betw ee n9th and 14th in N CP(rable･1), At l15E arld l16 E,d Tsisin cre asing afterpre cipitatio n･ Itis c o nsidered
a s a slgnalo n su rfa cedrying. Ea ste mpartwhere mtlChrainhad falle n,thereislittle cha ngeindTs･ Therefore,thetw o
m ethods tlS ed in th is study cle arly catch the stlrfac e m oisture c orlditio n.
Thesetw ow etnessdistd butions are obtai71ed fro mtwoindepe nde nt m ethods. The suffic e ntc on siten cyof bothresults
re v ealsthe a cctIT a Cy Ofthe m ethods･ T heimportaJltpointisthatboth of N O A Aa nd G M Sarethe rr10StPra cticals atelliteto
m onitor thelandsu rface. Practic al m ethods are s o m etim es m ore u sefltha n other s ophisdcatedrnethod･
C O N C L U SIO N
M o nitoring ofstlrfa ce v eg tatioTl(Crop)co nditio n and m oistu re statu s o v erN CPare atte mpted byusingN O A A/A V H R Ra nd
G ”S/S- ⅥS S R. The N D V Iim agebyAⅥi R Rclearlye xplainsthatsubsurfa ce co ndito n affe ctsthe cr op produ ctio n. Tw o
methodsto estim ate surfa ce w etn ess are applied indepe=lde ntly andgetco nsitentrestlls.Itrevealsthe tlSeftl n e s s of
NOAA/A VtI Rand G M S/ ･ VIS S Rto m o nito r s urfa ce m oisture status.
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